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On the Eelation between the “ Bloom ” on Leaves and the Distri- 
bution of the Stomata. By Bkakcis Dabwijj, I'.R.S., P.L.S. 

[Bead 4th February, 1886.] 

Sachs* has pointed out that there is a connection between the 
distribution of stomata on leaves and their protection from wet by 
the wax-like coating commonly known as “ bloom.” 

He says : — “ It is especially the surfaces of leaves that are 
well provided with stomata which seem to be protected against 
the adherence of water. The leaves of water-plants such ns 
the Nymphasace®, Polygonum amphibium, Ilgdrocharis, &c., are 
thoroughly wetted on their lower surfaces, which have no 
stomata ; but water runs off in round drops from the upper 
surface, where the stomata occur. The meaning of this fact in 
the economy of the plant is evident; the mouths of the stomata 
would be closed by prolonged contact with water, and would 
thus prevent the rapid ingress and egress of gas.”t 
In the year 1878 my father was engaged in studying the 
bloom on leaves, and it fell to my share to follow up the sug- 
gestion of Sachs — that one function of bloom is to be found m 
the protection of the stomata from wet. The mere fact that 
stomata close wlion the leaf is w'ettod might lead us to expect 
that water interferes with their function, oven if we had no 
theoretical reasons for believing so. Barthelemy (as quoted in 
the Botan. Centrnlblatt, vol. xix.) has recorded a fact demon- 
strating the closure of stomata by water. The leaves of iVe- 
lumbium give out bubbles of gas when immersed in water and 
exposed to sunshine, but the production of bubbles ceases if the 
“ bloom ” is removed so that water comes into contact with the 
stomata. The conclusion that the closure of the stomata is duo 
to contact with water must, however, be cautiously received, for 
it seems probable, ns Garreaut states, that the act of washing 

• ‘Physiologic Vdg^talc’ (irrench translation), 1868, p. 178. 
t Tn Lunclalrom’s interCBling paper, “ Die Anpassungen der Pflnnson an 
Ecgcn and Thau” (Nova Acta Reg. Soc. Sci. Upcal. 1884), the author points 
out that in Trifnlium repem the under surjace of the leaflets is wetted by rain, 
while the tipper bloom-protected scirface remains dry. He connects this fact 
with the occurrence of stomata on the upper surface, 
i Atm. Sci. Nat. 18oO. 

LINN. .IOUR8,— BOTAK',-, VOL. XXII. I 
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off tlie bloom ntops up the stomata. There are certain facta 
which go to show that stomata tend to be developed in parts 
protected from rain. The well-known fact that in a large num- 
ber of leaves tlie stomata are exclusively on the lower surface, 
where they are not so likely to be wetted, is in accordance with 
this statement. In vertical leaves, as is well known, the stomata 
are equally distributed on the two surfaces*, and in most such 
leaves the surfaces would be equally wetted. An iiitcrosting 
confirmation of this view may be found in the fact mentioned by 
Ilabcrlandtt that lenticels arc “fairly equally distributed all 
round vertical branches, while on horizontal branches they are 
much more numerous on the lower than on the upper side. We 
might expect that the function of lenticels would bo interfered 
with by wetting in tlie same way as applies to stomata, and it is 
therefore of interest to find that (at least in young hranohes, 
according to Haberlandt) they tend to be developed chiefly on 
tho underside, where they are more or less protected. In 
young leaves, which are often more nearly vertical than the 
adult loaves of the same species, wo may perhaps believe that 
stomata are protected by not being open at first, but whether 
tlie opening of the stomata corresponds with the assumption of 
the horizontal position 1 cannot say. Von ITdhnel has shown 
that tho cuticnlar transpiration of young leaves is very large, so 
that even with closed stomata they may transpire sufilcicntly. 

Tlie idea that tlie tendency to accumulalion of stomata on 
the under surface of leaves is an arrangement by which they 
are protected against rain, is in accordance with Ilohnfcldt’s 
observations f. He found that in underground h'aves tlio sto- 
mata show no marked tendency to accnmulato on tho under 
surface ; indeed the contrary is often the case. This is pre- 
cisely what might be expected on tbo theory that they are deve- 
loped on the under surface of aerial leaves as a protective against 
rain, &c., since the underground leaves arc of course not ex- 
posed to such dangers. Ilohnfoldt quotes Caruel’s remarks on 

» In the nearly vertical leaves of Lactma Soariola I found the stomata on 
t.Ue morphologiciOIy lower aide to bo the most numorous— exceeding those on 
the other aide in about the proportion of 140 ; lOO. 

t Phjeiolog. rflanzenanatomic, p. 317 — Haberlandt gives no eipinrntioii of 
the fact. 

} As reported in the Botan. Centralhlntt, 1880, p. 1101. 
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Passerina hirmta : tlie upper surfaces only of the leaves hare 
stomata, aud these surfaces are protected by being pressed closely 
to the stem or against other leaves. 

With regard to the kind of wetting which is prevented by the 
bloom on leaves, it is probable that it is more efifective against 
rain than ag.iinst dew, since at least some bloom-protected 
leaves are easily covered with a coating of dew in very finely 
divided drops. It is curious to observe the effect of immersion 
on such a leaf —which may be plunged into water still retaining 
its coating of dew, and will be found to be perfectly dry on 
being removed from the water — so that the readiest w.ay of 
drying such a leaf is to dip it into water. Another fact may 
perhaps be mentioned as tending, as far as it goes, to confirm 
the view here advocated — namely, that bloom is frequently ab- 
sent from the projecting nervatures, though present on other 
parts of leaves — the nervatures being the parts of leaves on 
which stomata are not developed. 

rinally, it must be remembered, since bloom certainly has 
other functions besides the protection of leaves from wetting, 
that it cannot be expected that every species should show a cor- 
respondence in the distribution of bloom and stomata. Liind- 
striim’s essay, above alluded to, is of interest in this connection 
He shows that in some species arrangements exist for the col- 
lection and distribution and absorption of rain as it f.ills on the 
leaves ; and here tho surfaces aro so modified, by secretions <fcc., 
that they are wetted with especial ease. This class of cases 
must no doubt have a bearing on the subject of the present 
paper. Such cases as those of Trifolium repent and Vaccinium. 
Vitit-idaa, where tho lower surface of the leaf is especially wetted 
by rain, are of much interest. 

Tho case of Lobelia Erinut also convoys a caution. Hero, 
according to Lundstriim, there aro small scale-leaves at the base 
of the flower-stalk which collect tho rain on their upper surfaces ; 
yet it is on those surfaces that the stomata exclusively occur. 
This case is not in reality opposed to my results, since the 
stomata function ns organs of absorption. 

The results hero obtained were worked out in tlie year 1878, 
and it was intended to publish them in a work of my father’s to 
he devoted to the subject of bloom. 1 shall on another occasion 
give some account of my father’s results, and of some further 
I 2 
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work of my own in the same direction. The present paper, with 
the exception of the introductory remarks, is written entirely 
from my notes of 1878. 

Through the kindness of Sir J. D. Hooker I was enabled to 
carry out tho work in the Jodrell Laboratory in the Koyal 
Gardens at Kew. I was thus enabled to obtain a large supply 
of fresh material, a necessary condition to tlie success of my in- 
vestigation. It is a pleasure to mo to express my sincere thanks 
for the opportunity which he so kindly placed at my dispos.al. 1 
wish also to express my thanks to Mr. R. Irwin Lynch, now 
Curator of the Cambridge Botanic Gardens, but who at that 
time held a post at Kew. Through Mr. Lynch’s kind ossistunee 
T was able to obtain good specimens of tho many species which 
I required. 

I first made a list of species of which the number of stomata 
on the leaves have been determined, using for this purpose tbo 
works of 

Czech (Botan. Zeitung, 1865). 

Kareltschikoff (Bull, de la Soc. dcs Naturalistcs de Moscow, 1866). 

Morren (Bull, de I'Acad^mic R. de Belgique, t. xvi.). 

Weiss (Pringsheim’s Jahrb. vol. iv.). 

This list I gave to Mr. Lynch, asking him to supply me with 
specimens of species chosen at random from among those in my 
list ; I hoped in this way to get some idea of tho number of plants 
which have hloom-protectcd leaves. But 1 was ohligecl to sup- 
plement the list with loaves selected as having bloom, so that no 
accurate conclusions of this kind can be drawn from my tables. 
In these cases, as well as in many others, I made use of my own 
observations on tho number of stomata. 

Having obtained my specimens, I had merely to note the dis- 
tribution of bloom on tho surface of tho leaves. This is not so 
easy as it might seem, since many leaves occur which are per- 
fectly dry after immersion, and which, nevertheless, have no true 
bloom. In tho following tables tho leaves noted as having bloom 
are such as exaTnination with the naked eye sufficed to classify 
among “ bloom ” loaves. Bloom is here used to moan a coating 
of minute particles of a waxy character which is removable either 
by warm water (about 40° C.) or in any case by ether. Leaves 
occur which emerge from water dry on the lower surface, but 
which have no bloom in the above sense. 
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Between leaves such as tlieac and tlioae which are conmletely 
wetti!d, a luimber of gradations occur. We find more or les-s 
perfect developments of a certain character of the surface — 
which may be called grcaainess. The water coating the surface 
shrinks inlo patches or drops, leaving large areas dry. The leaf, 
in fact, behaves towards water like certain metallic or grease- 
coated surfaces. The degree of greasiness varies a good deal, 
some loaves exhibiting it in groat perfection, while others do so 
only when the leaf is shaken. The stomata of many of this kind 
of leaf must, no doubt, be protected against wot ; but as they 
graduate into those which are easily wetted, I have jdaced them 
(except those mentioned on p. lOS) in the class having no 
bloom. 1 am inclined to think that immersion in water is 
not a thoroughly satisfactory teat of the leafs capacity of 
resisting natural sources of wet, since some of the “ greasy ” 
or “ metallic ” class of leaf seem to be much more completely 
wetted by rain than by a single immersion in water. Tliis is a 
furtlier reason for keeping the beat protected leaves, those which 
have a true bloom, in a separate class. Leaves such as Hydrangea 
quercifolia and the Easpberry have their lower surfaces almost 
perfectly protected against wetting, but this is due to a fine 
coating of hairs. As such cases do not bear on the function of 
bloom proper, but otdy on the general question of the protection 
of stomata, they are excluded from my tables. 

It must be remembered that bloom is in many cases easily 
injured, and that in old leaves it is sometimes washed off by rain 
or removed by rubbing against other leaves, &c. It is therefore 
possible that some leaves noted as having no bloom may show 
this coating under other circumstances ; I can only say that I 
have been aware of, aud tried to avoid, this error. 

In dealing with the results I have been obliged to use a few 
simple symbols. Tlie number of the stomata on a leaf is ex- 
pressed as a fraction, of which the numerator expresses the 
number of stomata on the upper surface and the denominator 
the number on the lower. Thus would mean that the upper 
stomata are to the lower as 100 to 150. My figures being taken 
from different sources cannot be taken to represent any absolute 
number of sloimita per square millimetre, but merely the 
proportion between the stomata on tlie upj>er and lower 
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When there are no* stomata on the npper surface the state 
of things is expressed by ■§, the letter S being employed in 
the denominator to show that the symbol expresses the distribu- 
tion of the siomaia and not of the bloom, in which latter case the 
letter B is employed. According to this plan the floating leaves 
of water-plants would bo symbolized by — ^no stomata on the 

under surface. Precisely similar symbols are used to express 
the distribution of bloom : — 

5= Bloom on the upper as well as on the lower surface. 

g=Bloom on the lower surface only. 

^=Bloora on the upper surface only. 

0=No bloom on either surface. 

The leaves examined are divided into four classes according 
to the distribution of the bloom, and each class is analysed into 
groups according to the distribution of the stomata. 

The leaves fonning Class have no bloom on cither surface ; 
and those in Group 1 have no stomata on the upper surface. 



Class ® — No bloom on either surface. 
Group 1. — Stoniata=g_ 75 species. 



Acer platanoides. 
Aconitum Napelliis. 

A. lycoctonimi. 

Acto^a spicata. 
JEgopodium Potlagraria. 
jEsculiis Hippocastanum. 
Amygilalus oomimmis. 

Andromeda speciosn. 
Anemone japoniea. 



Araucaria Bidnellii. 
Asanini europmum. 

.Begonia hydrocotylirolia. 
B. qiiinqnifolia. 

Betula a1b«. 

Brexia mndagasonriensis. 
Bronflsonetbia papyri fera. 
Bux\is sempenrirenB. 
C'amellia japonica. 



• In leavee usirally de»cribcd as having no stomaU on the upjier Burfuee, 
thei-o are often a few Bcattered ones, eBpcciolly near the veins. 
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11. qucrc-ifolia. 





.omatnl foi-mi 
I, or loss tliaii 



between ^ and g ; that is 
le third of all the stomata a 



4 



4 
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Impatient parriflorum 

LeTieticum officinale 

Menyantbea trifoliata 

Orobua vernua 

Fapaver Bhoeas 

Fhaeeolue multidorus 

Flumbago Lnrpentw 






39 



PopulusdilaUta ^ 

m 

F. pyramidalis 

Saponaria officinalis ^ 

Senccio Tulgaria ? 

Tradescantia subaspera 



GroDp 3. — Stomatal formula ^ fo ^ (excluding including -J).’ 

Tlie stomata on the upper surface form more than a third, but 
not more than half, of the whole number of stomata. 30 
species. 



Amarantua caudatm 

Aster pyronjcus 

Atraphnaia apinosa 




Bidens tripartita 

Oalenduln officinalis 

Ohenopodiiim Boniis-irenricua .. 
Obrysantbemum Leucanthcmum 

OonrolTulus tricolor 

Dianthus Seguieni 

Helianthus annuus 

laatis tinctona 

Lepidium rudomle 

lychnis Viscaria 

rentstemon barbatiis 



Popiiliis OaroliniE 

P. monilifera .... 

Bhipsalis crispata 

(Succulent.) 

Biimcx Acetosa 

Scabioaa arrensis 

Silcno iiillata 

Statics latifolia 

Tanacetum Tulgare 

Valeriana Pbu 

Viscum album 

Yucca aloifolia . 

{Thick and leathery.) 

Zee Mays !. 

Zinnia elegaiie 
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Group 4. — More stomata on the upper surface than on the 
lower; stomdtal formula greater than y. 9 si)ecies. 

Aoaria dccipicns — Vertical. 

Arhillea Millefolium “ 

Aliema Flantagn 

Araucaria imbrioata 

Banunculus Flanimiila ^ Some leaves have bloom above. 

Sedum acre f Suceulent. 

S. album j Succulent. 

Statiee incana ^ 

Among the above 143 plants are some which cannot fairly bo 
compared with the rest, from their different structure. These 
■ Stomata. 

Acacia dccipiens 

Rhipsalis crispala 



S. album .. 

Sciupervivum tcctorum 

Yucca nloifolm 

Acacia is excluded hccauso of the vortical position of its leaves. 
The succulents arc obviously not comparable with ordinary leaves 
in the matter of stomata di>tribution. In a thick fleshy loaf, witli 
relatively few stomata, tlie fow that do exist may he necessarily 
more evenly distributed than in a thin leaf. 

If wo divide tlie species into two sets — (A) in which the 
stomata on the upper surface are one third or less than one third 
of the whole number of stomata; (B) where they are more than 
one third of the whole — we have : — 



104 out of 137 species, c 
31 out of 137 species, n 



■ 76 per cent., in Class A. 
24 per cent., in Class B. 
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HELATION BETWEEN “ BLOOM ” 



Tliese results show clearly that, in leaves with no bloom on 
cither surface, there is a strong tendency towards accumulation 
of stomata in the lower surface. This is also shown by the fact 
that, out of tlio 137 species, 75 (or 55 per cent.) have no stomata 
ou the upper surface; that is, in Class ^ (bloom the group 
are 54 per cent. 

Class g. 

Leaves with bloom on the lower surface only. 



Hero are included a few plants of which the lower surface is of 
such a character ns to come out very dry, though not actually 
covered with bloom ; such as Cobiea tcandent, Geranium Roberti- 
anum, Solanum Dulcamara, &c. 19 species. 



Abies oansdensU 

Acer Pseudoplatamis... 

Arauja serifera 

Ailanthus glandulosus 

Cassia floribunda 

Oobffia eeandeos 

Daphne Mesereum ... 
Oeraniuin Bobertianun 

Humulus Lupulua 

Fhanis latifolius 

Polygonatum mulLiflon 






g- Young leaves have bloom above. 



B /This twisted grass-leaf luis its 
„ physically upper side free from 

^ < stomata. (rho physically 

I upper side is morphologically 

0 i the lower side.)* 



jj5 Mealy underneath. 



* M. A. de Candolle has been so good os to call my attention to the fact that 
Juniper, according to Dutrochet (M^moire, ii. p. 100), has stomata only on the 
upper surfaces of the leaves, and the branches hang down so that the upper 
surface of the leares is downwards. 
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STOMATA. 



10!) 



Stomata. Remarks. 

Salix babj lonica ~ 

Solomim Dulcamara ~ 

Sopliomjaijonica “ ioung leares are 2. 

Tradoscantia virginica ^ 



'[’ho number of species is small ; nevertheless it comes out 
fairly clearly that where tho under surface is protected against 
wet tho tendency of the stomata to accumulate on tho lower 
surface is stronger than in the class where bloom is absent 
altogether. 

J’ifteon loaves, or 83 per cent., have stomata exclusively on tho 
lower surface ; whereas in Class ^ only C5 per cent, were in this 
condition. 

It will be seen that in tho three leaves that have any 
stomata above, their number does not exceed one fourth of the 
whole number of stomata. 

Two leaves may be mentioned in which a coating of hairs on 
the lower surface serves almost ns well as “ bloom ” to keep tho 
leaf dry during immersion in water, and in which the stomata are 
cluelly or exclusively on the lower surface. These are the Hasp- 
berry and Ifydrangea quercifolia. 




Leaves which have bloom only on the upper surface. 



Convallsria miyalis 

Lathyrus pratonsis 

Primula Auricula 

EanunculuB I'lammiiln. 

Trifolium ropcmi 

VieiaCracca 

V. BativB 




have no bloom. 



Seven species*; of which one has all its stomata on tho upper 
• It was Ihougbt fairer to include only one epecioe of Primula and of 7h- 
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Burlace, four have at least twice as many stomata above as below, 
while the remaining two leaves have the formula (lii)) 



Class 

Leaves with bloom on both surfaces. 

Group I ; or those in which the stomata are exclusively oi 
lower surface. They are 10, or 38 per cent. 
Alstroerowia siirantiacs. Euphorbia Cj-p“ri»8i 

(Tho stomata are on tha phy- Hypericum calyoinuui. 

sically lower, but morpho- (Bad bloom above.) 

logically upper side.) Linaria vulgaris*. 

Aquilegia vulgaria Oxalie sp. 

Berberis a 

Poterium 
Bhus sp. 



Chelidoniiim majus. 
Coiydolis capnoides. 
Cytiius Laburnum. 



The n 



Group g to j. 



it group eoinji 
tho upper surface, but 
lower surface in number. They i 
of the whole Class 



Caladium sp 

Olilora perfoliata . 



es those in which there are stomata on 
which they never equal those on tho 
14 in number, or 33 per cent. 



Tbalis dealbata 

Trifolium pratense | 

Tritonia sp 

Tropmolum (about) ^ 



Lastly, there is tho Group .j to or those 

* These species are placed in Group g, as the sloiiiala 
Mirfacc arc so much more numerous than those on the upper. 



ti which the 



A>-|) TUB DTaTnillUTTON OB TUB STOMATA. Ill 

stomata on the. upper surface are equal to or more in number 
tbaii tlie lower stomata. They are 12, or 29 per cent. 



teraisia Dracnnculus 



Dcemotlium gyrans (about) 



Gjp.so]>liiIa perfolmta 

The Class ^ is thus divided into — 



Lotus oorniculati 



Latbyms syUostris . 
Mcdicogo lupulina.... 
Melilotus onioinalis . 
Nicotians glauca .... 



— and over 29 

If they may be arranged thus : — 



Those in which upper stomata are fewer than lower 71 per cent. 
Those ill which upper stomata are equal to or more 

«K«i«roMs than the lower stomata 29 „ 

It is well known that succulent plants tend to be covered with 
bloom. The following plants are excluded from comparison in 
the matter of stomata : — 

Aloe srboroscons 

CesobornOTa Torncllii . 

CalnnlUo eronnta || 

Cotyledon braoteosum ^ 

Nelumlivm speciosum, with stomata only above, and Marsilea, 
with more above than below, are also excluded, haWng the leaves 
of a water-plant. It is obvious that if these leaves were included 
in the above groups, they would favour my conclusions unfairly. 

The three following tables give the results of the analysis of 
the above 2(H species : — 
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1st Comparison. 




Bloom=|. 


Blooms:^. 


Bloom = |. 


Blooms.^. 


No atomsta above 


5T) per cent. 

4. _ 


83 percent. 


0 per cent. 
100 „ 


38 per cent. 


2nd Comparison. 


Upper stomata equal to I 
than lower ) 


5 per cent. 


0 per cent. 


71 per rent. 


29 per cent. 


Upper stomata le*a fre- i 
quent titan the lower . f 


95 .. 


100 „ 


29 „ 


71 


3rd Comparison. 


Rtomatal formula ^ or less 
Formula greater than ^ ... 


|a-r! 


j 100 per cent. | 


0 per cent. | 


52 per cent. 



Remarki on the Comparieons. 

Comparing Class with Class we see that where, as in ^ i 
the stomata on the under side of the leaf haye the double pro- 
tection of position and bloom, tho percentage of leaves with 
stomata exclusively on the lower surface is decidedly greater — 
83 per cent, compared with 65 per cent. 

Comparing Class ® with Class we find the number of leaves 
having stomata above to bo 02 per cent., instead of 45 per cent. 
That is, more leaves have some stomata above when tlie upper 
surface is protected by bloom. But it is remarkable that so 
many (38 per cent.) of Class ^ should have all their stomata 
below*. This may, perhaps, be explained by the fact that bloom 
is in some cases removed by rain, rubbing of other leaves, Ac. ; 
so that, even where there is bloom above, the lower surface 
remains the safest jrosition for the stomata. Nevertheless, wo 
see that in -g there arc more species with some stomata on tho 
upper surface than without any on that surface ; whereas in 
Classes -g- and ^ the reverse is the case. 

* Thtwr leaves seem, on iJie whole, to be thin (Iclieale leaves ; so that nno 
might imagine that stomata on one siirraee would .snilier, ami if so, the under 
siirfare would, aa suggeslerl, be the bc.-t place. 



© The Comolete Work of Charles Darwin Online 



AND THE DiaTRIBUTION OF TUE STOMATA. 113 

If we look at the Second Comparison, and compare again Class ^ 
with or we see the influence of bloom on the upper surface 
determining the distribution of the stomata; for 29 per cent, in 
^ have the upper stomata equal in number to, or more numerous 
than, the lower stomata, as compared with 5 per cent, in 
or 0 per cent, in g. 

To put it in another way. In Class 45 per cent, have some 
stomata on the upper surface; but only one ninth of these hare 
the number of upper stomata equal to or greater than the number 
of lower stomata. In Class -jj C2 per cent, hare some stomata 
above, and nearly half of these have the upper stomata equal in 
number to, or greater than, the number of the lower ones. 

Lookingat the third Comparison, and comparing Class ~ with 
Class we see the same accumulation of stomata on the lower 
surface, espeeially when this surface is bloom-protected. Com- 
paring Class -g with Class jj, we see that this tendency dis- 
appeai’s when bloom appears on the upper surface. Lastly, in 
^ w'C see accumulation of stomata on the upper surface when 
this is the onlt/ surface which is bloom-protected. 

The number of species in Class is too few to draw any 
trustworthy conclusions from. Tlio gre.at tendency to accumu- 
lation of stomata on the upper surface is remarkable, especially 
when this fact is taken in connection with what we know of 
Class where the upper surface is likewise bloom-protected, 
but where the tendency to accumulation on the upper surface is 
much smaller. It is possible that the distribution of stomata is 
determined in this class ? by some other circumstances, and that 
the development of bloom on the ujiper surface alone has followed 
iis protection to the pre-eiisting stomata ; whereas, under other 
circumstances, we might imagine bloom to be developed for some 
other use, and thim the distribution of stomata to be altered 
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accordingly. In whaterer way we look at the question, tlio 
contrast between Class and Class in the distribution of 
stomata is certainly striking. 

Having been interested by the distribution of stomata in the 
Auricula, I thought it worth while to investigate a few other 
species of the genus Primula. 



F. denticuUts . 
P. purpurea.?..., 
P. luteola 



■ " Greasy ” above ; good mealincas below, 
j Good “ greaainess" on both Burfaccs. 



P. Bikkime 



, 0 No raenliflIsB on either side. 



( Perfect moalineBB on the under side i 

P. capitata ^ t there appear to be traces of meal 

1 on the upper. 

„ . lit /Meal on both Burfooes, but better on 

P.margmata* | „ppe„urface. 

P. integrifolia * d' Imperfect mealiness on upper side only. 

P. Auricula * -j- Meal on upper side only. 



The moal or bloom on some Primulas is so easily washed ofF or 
injured that it is difiSctilt to make certain of the distribution of 
the mealiness on plants growing in the open air. Nevertheless, 
1 think the results are of some little interest: — (i) Where there 
is no mealiness, or where the lower surface is so protected, there 
is a tendency towards accumulation on the lower surface. When, 
as in the species printed in italics,* the meal is exclusively above 
or better developed above, we have the stomata exclusively or 
chiefly above. 

The genus Trifolium appeared to be interesting in the matter of 
bloom ; I therefore examined the species accessible to mo. The 
genus (as far os I have examined the species) may be divided 
into two groups : — 

(i) £. Those which have bloom on both surfaces. 

(ii) .5 Those ivhich have bloom only above. 
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AND THE DISTRIBUTION OF THE STOMATA. 



T. Aucheri 



Group i. 
Trifolium. 

Stomata. 



Taking tite stomata on 



T.olegans 
'C. Iviipins 
T. mediui 




Two species Imve all the stomata below. Omitting these, the 
average stomatal formula is 



T. alpeatro .... 
T. cBspitoaiira. 
T. fragifornm . 

T. unifloruin . 



Group ii. 



Stomata. 





ioo 

liio 



One species (alj>es(re) has all its stomata on the upper surface 
— the reverse of what holds good in Group i. g, whore two species 
have all their stomata below. Omitting T. aipcstre, the average 

. m 

*® 100' 

Thus, when the bloom is on the upper surface only, the average 
number of stomata on the upper surface (as compared with the 
lower) is twice as great as in those cases where both surfaces are 
covered with bloom. 

LISK. JOURN. nOTAN'T, VOU. XXir. K 
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MR. H. N. RIDLEY 



BxpreeBed in aymbolB ; 



TrifoUum. 



Oroup g. Group ?. 
Stomata = Stomata= jqq. 



B 



This confirmB my former reault, viz. that when bloom is deve- 
loped on tho upper surface only, there is a strong tendency to 
accumulation of stomata on that surface. 

I'inally, it may be pointed out that the genus Trifolium confirms 
the generalization above made, that when bloom is on both surfaces 
a large proportion of tho etomata appear on the upper aurfaoo ; 
although some cases occur in which the stomata occur exelvtMy 
ou the lower surface. 



On Dr. Fox’s Collection of Orchids from Madaga-scar, along with 
Bomo obtained by tho Eev. H. Baron, F.L.S., from the same 
island. By Henry N. Eidley, M.A., F.L.S., Assistant Bota- 
nical Department, British Museum. 



t hate to thank the authorities at Kew for placing in my hands 
for description a collection of Orchids recently made by Dr. Fox 
in the neighbourhood of Imerina. There were in the collection 
about 50 numbers and almost os many species, the larger immbor 
of which were plants previously obtained by one or other of tho 
botanists who have recently been exploring almost tho identical 
locality. Xhore is, however, on the whole, a very largo proportion 
of noTClties, and of these several are peculiarly interesting. The 
collection adds three new genera to the flora, viz. Arnottia, a 
Mauritian genus of perhaps two species, which it was to have 
been expected would occur also in Madagascar ; the very curious 
genus BrovmUea, hitherto only known from Southern Africa, 
where it is represented by 3 or di jpecms; aud Molothrix, an 
East- and South-African genus. The Madagascar species is a 
very remarkable one, differing at first sight from the rest of 



the genus known. 
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[Eesd 170i December, 188S.] 







